Abstract-Rat hepatic aminopyrine N-demethylase activity was measured by detecting the amount of formaldehyde produced from aminopyrine. Some optimal conditions for the N-demethylation were determined using both isolated microsomes and whole homogenates, and the standard assay method is described. Formaldehyde production from the substrate by microsomal enzyme system was linear to the amount of micro somes added during 3 min reaction time, whereas long-time incubation caused a decrease in the apparent activity of aminopyrine N-demethylation. The N-demethylase activity observed in normal rat liver homogenate was quite similar to that in microsomes when the activity was expressed on the basis of cytochrome P-450 as molecular activity. Pretreatment of animals with typical inducers, phenobarbital and 3-methylcholanthrene, resulted in alteration of the aminopyrine N-demethylase system, which was detectable in both microsomes and whole homogenates.
observed in normal rat liver homogenate was quite similar to that in microsomes when the activity was expressed on the basis of cytochrome P-450 as molecular activity. Pretreatment of animals with typical inducers, phenobarbital and 3-methylcholanthrene, resulted in alteration of the aminopyrine N-demethylase system, which was detectable in both microsomes and whole homogenates.
The hepatic microsomal monooxygenase system, containing cytochrome P-450 as a terminal oxidase, is functional in oxidative biotransformation of a wide variety of endogenous and exogenous substances (1) (2) (3) . The physiological role of this enzyme system has been investigated under various conditions to clarify the physiological and toxicological relation ships between cytochrome P-450 and its catalytic activities (4) (5) (6) .
Probably one of the most widely employed enzyme assays for such study is the oxidative demethylation reaction of substrate drugs, whereby the formaldehyde produced from the drugs is measured quantitatively by conversion to a chromogen in the Hantzsch reaction (7, 8) . Although aminopyrine (4-dimethylamino-2,3-dimethyl-l-phenyl-3-pyrazolin-5-one) is one of the most popular substrates for the microsomal demethylase system, aminopyrine N-demethylase activity of microsomes reported by various investigators varied widely, ranging from less than 1 to 20 nmoles formaldehyde produced per min per mg protein of microsomes (9) (10) (11) (12) (13) (14) . The reported activities varied to too great an extent to allow com parison of the physiological and toxicological relationship in the microsomal enzyme system. On the other hand, it is well known that the specific activities of microsomal drug me tabolism vary greatly among animal species or animal strains employed for the experiments (15) . However, lower aminopyrine N-demethylase activities reported were generally obtained in the special reaction mixture, suggesting that the variation in the reported N demethylase activities may not be caused by the use of liver microsomes prepared from different strains of rats. On the contrary, many investigators have reported almost similar values for microsomal aniline hydroxylase activity (16) (17) (18) (19) , although two different methods to determine the amount of metabolite, p-aminophenol, were generally used (16, 20) . Thus the assay method for aminopyrine N-demethylase activity did not seem suitable in some cases.
In the present study, we attempted to determine optimal conditions for the in vitro assay of hepatic N-demethylation of aminopyrine in order to obtain comparable enzymic activities. The N-demethylase activity of microsomes obtained from normal rats was thus determined to be about 20-30 nmoles formaldehyde produced per min per nmole cytochrome P-450. Using whole liver homogenate as an enzyme source, the activity was also about 1.2-1.4 ; moles formaldehyde produced per min per g wet weight of liver, which was com patible with the activity in isolated microsomes when expressed on a basis of cytochrome P-450.
MATERIALS AND METHODS

Animals and treatments
Adult male rats of Wistar strain, weighing 250-300 g, were used unless otherwise stated.
In some experiments, different strains were also used, and all rats were maintained on stan dard laboratory chow and water ad libitum. Some of the animals were given phenobarbital i.p. in physiological saline (at a dose of either 40 or 50 mg/kg body weight) or 3-methylcholan threne in sesame oil (40 mg/kg body weight) once daily for 2 or 3 days.
Preparation of subcellular fractions
Unless otherwise stated, non-fasting animals were decapitated one day after the last injection, and the livers were quickly removed, blotted on filter paper and weighed. These livers were then minced in ice-cold 0.25 M sucrose containing 50 mM Tris-HCI buffer (pH 7.4) and homogenized in a glass Potter-Elvehjem type homogenizer with a Teflon pestle.
The concentration of homogenate was adjusted to 200 mng wet weight of liver/ml, and then filtered through two sheets of gauze to remove residual undispersed connective tissue.
Portions of the filtrate were used for the assay at the homogenate level. Liver mitochondria and microsomes were prepared from the filtrate by differential centrifugation techniques described previously (21, 22) , and the supernatant fluid of centrifugation at 105,000 x g for 60 min was used as the soluble fraction.
Analytical and assay methods
Protein concentration was determined by the biuret reaction (23) using bovine serum albumin as standard. Cytochrome P-450 was determined by difference spectroscopy using a Hitachi two-wavelength double-beam spectrophotometer, Model 356, in the two wavelength mode. The concentration of cytochrome P-450 in isolated microsomes was determined as the CO adduct of the dithionite-reduced hemeprotein according to the method of Omura and Sato (24) . The content of cytochrome P-450 in whole liver homogenate was estimated from the dithionite-reduced difference spectrum of CO-pretreated samples (25) (26) (27) .
Aminopyrine N-demethylase activity was determined by detecting the amount of formaldehyde produced. Unless otherwise indicated, the assay media contained 10 mM aminopyrine, 0.36 mM NADP+, 4 mM glucose-6-phosphate, 1 unit of glucose-6-phosphate (w/v) trichloroacetic acid. After centrifugation, a 2 ml aliquot of the protein-free super natant was treated with 1 ml of Nash reagent (7) and incubated in a water bath at 37' for 40 min. The absorbance intensity of the resultant solution was determined at 412 nm. A known amount of formaldehyde carried through the incubation and assay procedure served as the standard.
Aniline hydroxylase activity of microsomes was measured using the reaction system described previously (19) , and the amount of p-aminophenol produced was determined according to the method of Imai et al. (16) .
Reagents
Glucose-6-phosphate, glucose-6-phosphate dehydrogenase and NADP+ were purchased Aniline was distilled under reduced pressure and the purity was checked by gas chromato graphy. Other chemicals of the highest quality available were obtained commercially and were used without further purification.
RESULTS
Formaldehyde formation from aminopyrine
The N-demethylation reaction of aminopyrine (or 4-monomethylaminoantipyrine) by microsomal enzymes has been clarified to be a monooxygenase-type reaction. Since re quirement of semicarbazide has been reported by many investigators as a trapping agent of the formaldehyde produced (9-12, 28, 29) , production of formaldehyde from aminopyrine by rat liver microsomes was determined in an assay medium containing semicarbazide in addition to substrate and NADPH-generating system. The time course of formaldehyde production was almost linear for about 10 min and the amount produced was directly pro portional to the microsomal protein added to the incubation mixture ( Fig. 1, A) . The activity of hepatic microsomes was determined from the above results to be about 1.1 nmoles formaldehyde produced/min/mg protein of microsomes. The N-demethylase activity thus obtained was almost similar to that of microsomal aniline hydroxylase, but very low com pared with microsomal hydroxylase activities of type I substrates (30) (31) (32) . Type I substrates, which include aminopyrine, are known to increase the reduction rate of cytochrome P-450
with NADPH when they are added to microsomes, but addition of type II substrate, aniline, results in decrease of the reduction rate (32) (33) (34) . The results suggested higher metabolizing activities of type I than type II Substrates. If this were the case, aminopyrine N-demethylase activity of hepatic microsomes should be higher than that of aniline hydroxylase , and this Reaction mixture contained 50 mM Tris-HCI buffer (pH 7.4), 150 mM KCI, 10 MM MgC12, 10 mM amino pyrine, NADPH-generating system (0.36 mM NADP`, 4 mM glucose-6-phosphate and 1 unit of glucose-6-phosphate dehydrogenase) and a suitable amount of microsomes in a total volume of 2.5 ml. In experiment A, 10 mM semicarbazide was added to the incubation media. The reaction was carried out at 37' for the period shown in the figure. Microsomal concentrations in experiment A were (1) 2, (2) 4 and (3) 6 mg protein/ml, and in experiment B, (1) 0.5, (2) 1, (3) 2 and (4) 4 mg protein/mi.
was not the case with the results shown in Fig. 1 , A. We thus presumed that the incubation medium employed generally for the assay of aminopyrine N-demethylase activity was not suitable.
Influence of semicarbazide
Semicarbazide is not the essential component for monooxygenation reaction in micro somes, and this compound was assumed to affect the N-demethylation system. Thus, activities of aminopyrine N-demethylase and aniline hydroxylase in hepatic microsomes were deter mined in the presence of various concentrations of semicarbazide. The production of p-aminophenol from aniline by rat liver microsomes decreased only slightly in the presence of high concentrations. Aminopyrine N-demethylase activity was, on the contrary, de pressed remarkably by its addition (Fig. 2) . Addition of high concentrations of microsomes to the incubation mixture resulted in a decrease of the inhibitory rate by semicarbazide:
i.e., inhibition of the N-demethylase activity by adding 1 mM semicarbazide was 8.8, 2.0 and 0 % when incubation mixture contained 0.5, 1.0 and 2.0 mg protein of microsomes per ml, respectively. Inhibitory action of semicarbazide was observed remarkably at neutral pH region and weakened slightly at both acidic and alkaline pH regions. Interestingly, the requirement of semicarbazide as the trapping agent of formaldehyde was not observed:
i.e., the amount of formaldehyde detected after the 3-min incubation did not increase with addition of semicarbazide to the incubation mixture. Thereafter, semicarbazide was omitted.
Inhibition of the microsomal drug metabolizing activity by semicarbazide is probably due to the inhibitory action of the hydrazine group of semicarbazide, as pointed out by Kato, Microsomal concen trations used for the assays of aminopyrine N-demethylation and aniline hydroxy lation were 1 and 2 mg protein/ml, respectively. et al. (35) .
Time course of formaldehyde production
The length of incubation of the assay media in the early studies of microsomal N demethylase activities ranged from 30 to 60 min. However, it was not clear whether the enzymic production of formaldehyde from aminopyrine was linear during long-time incu bation. Thus, the effect of incubation time was studied in the presence of various concen trations of microsomes (Fig. 1, B) . A perfectly linear relationship of formaldehyde pro duction with time was obtained when a low concentration of microsomes (0.5 mg protein/ml) was added to the incubation mixture, whereas the rate of production began to decrease after 3-5 min incubation in the presence of high concentrations of microsomes. A close relationship between aminopyrine N-demethylase activity and microsomal concentration was found during 3 min incubation. Therefore, incubation time for the assay was set at 2-3 min.
Influence of substrate concentration
Microsomal N-demethylase activity was determined in the presence of various concen trations of aminopyrine. The plot of activity, expressed as the specific activity of for maldehyde production as a function of substrate concentration, showed a Michaelis-Menten type curve. A Lineweaver-Burk plot of the activity against the concentration of aminopyrine showed two distinct phases with respect to the substrate concentration, and Michaelis con stants (Km) for both reactions were 0.1-0.26 and 1-2 mM, respectively. The results suggest that incubation media must contain 5-10 mM substrate for comparative studies of micro somal aminopyrine N-demethylation reaction. Ammopyrine N-dcinethylase activity in hepatic microsomes of various states of rats
The N-demethylase activity of aminopyrine was determined using hepatic microsomes prepared from animals in various states. When the activity was expressed on the basis of microsomal protein as "specific activity", the alterations of microsomal N-demethylase activity upon pretreatment of the animals were quite similar to those described previously (36): i.e., administration of phenobarbital resulted in increase both in cytochrome P-450 content and aminopyrine N-demethylase activity, whereas injection of 3-methylcholan threne caused a decrease in the N-demethylase activity, although the content of cytochrome P-448 increased significantly ( Table 1) . Fasting of experimental animals for 2 days resulted in marked decrease of the activity, as pointed out previously by Kato and Gillette (20) .
Aminopyrine N-demethylase activity in female rat liver microsomes showed lower values than that in male rats, regardless of the rat strain. When the activity was compared using liver microsomes from different strains of normal rats, a marked difference in the activity (15-25 nmoles/min/mg protein) was obtained among three strains, suggesting the existence of a species or strain difference in N-demethylase activity even under normal conditions of the animals. Production of for maldehyde from aminopyrine or ethyl morphine by rat `liver microsomes was determined in the reaction system given in Fig. I (B) . Final concentrations of aminopyrine and ethylmorphine were 10 and 4 mM, respectively, with 1 mg pro tein of microsomes/ml of mixture. Open and closed circles in the figure represent aminopyrine and ethylmorphine N demethylation reactions, respectively. Activities of the N-demethylation reaction of aminopyrine were determined at 37"C in air using liver microsomes prepared from rats in various states. The assay conditions are as described in "METHODS."
The values in the table represent the means±S.E. and the number of animals is given in parentheses. 1, Experimental animals were fasted for 2 days. 2, Rats were given Pb (phenobarbital) i.p. In a dose of 50 mg/kg body weight, once daily for 3 days. 3, Rats were given 3-MC (3-methylcholanthrene) i.p. (40 mg'kg body weight) for 3 days.
However, the different activities of aminopyrine N-demethylation obtained did not depend upon the content of cytochrome P-450. When the activity was expressed on the basis of cytochrome P-450 as "molecular activity", a higher level was observed in normal rats. Pretreatment of animals with either phenobarbital or 3-methylcholanthrene resulted in a decrease in the molecular activity. Sex or strain difference in the activity was also obtained even in the expression of the activity on the basis of cytochrome P-450 (Table 1) .
N-Demethylase activity of aminopyrine in liver homogenate
To clarify physiological roles and toxicological functions of cytochrome P-450 in cells or tissues, it is important to compare the activities of the drug-metabolizing enzyme system in both isolated microsomes and whole liver homogenate. Thus, the effect of mitochondrial and soluble fractions on microsomal N-demethylase activity was checked by adding these fractions to the incubation mixture at the protein concentrations compatible to the ratios in intact hepatocytes.
The results indicated that the activity of isolated microsomes was not affected significantly by enzymes located in titochondrial or soluble fraction. Addition of an adequate reducing equivalent was determined to be the essential factor for accurate determination of enzyme activity in whole liver homogenate.
When whole liver homogenate was used as the enzyme source for aminopyrine N demethylase system, formaldehyde produced from the substrate was presumed to be further metabolized by aldehyde dehydrogenase, and Moldeus et al. (37) reported the inhibitory action of semicarbazide on the metabolic conversion of formaldehyde by this enzyme.
However, the N-demethylase activity of aminopyrine in whole liver homogenate was also inhibited by adding 10 mM semicarbazide, indicating that aldehyde dehydrogenase did not work completely during the short period of incubation time. Aminopyrine N-demethylase activities in rat liver homogenates were determined in the reaction system as described in Kinetical parameters of aminopyrine N-demethylation obtained using whole liver homogenate were almost the same as those obtained using isolated microsomes. The two phases of the N-demethylation reaction were also observed in the reaction system containing liver homogenate.
We therefore concluded that microsomal aminopyrine N-demethylase activity is detectable and is not interfered with by enzyme systems located in mitochondrial and soluble fractions when liver homogenate is used as the enzyme source. Table 2 shows the aminopyrine N-demethylase activity in whole liver homogenate.
Cytochrome P-450 content and N-demethylase activity in normal rat liver were 40-50 nmoles/ g wet weight of liver and 1.2-1.5 amoles formaldehyde produced per min per g wet weight of liver, respectively. When the activity was expressed on the basis of cytochrome P-450 as the molecular activity, a value almost similar to that for isolated microsomes was obtained, suggesting the accuracy of the assay using whole liver homogenate. Sex and strain differ ences in the activity were also obtained at the homogenate level. Following pretreatment of animals with phenobarbital or 3-methylcholanthrene, the content of cytochrome P-450
(or P-448) and aminopyrine N-demethylase activity in liver changed as in isolated micro somes. The results shown in Table 2 were quite similar to those obtained using isolated microsomes (Table 1) indicating that alteration of the microsomal drug-metabolizing enzyme system could be easily detected when liver homogenates were employed.
DISCUSSION
The metabolism of aminopyrine catalyzed by liver microsomal monooxygenase system involves two successive oxidative N-demethylations to produce 4-aminoantipyrine and formaldehyde; i.e., aminopyrine is metabolized to 4-monomethylaminoantipyrine and formaldehyde, and the metabolite, 4-monomethylaminoantipyrine, to 4-aminoantipyrine and formaldehyde by the same enzyme system (9, 38). If these substrates, aminopyrine and 4-monomethylaminoantipyrine, react at the same site of the cytochrome P-450 molecule with different affinities, they will compete with one another. Since the product measured (formaldehyde) is identical for each reaction, apparent activity of aminopyrine N-demethy lation should decrease when both substrates exist in the reaction mixture (39) . Gram et al. reported the inhibition of N-demethylation of 4-monomethylaminoantipyrine by amino pyrine (40) , which supports the above assumption. Interaction of two substrates with the same site of cytochrome P-450 could account for the decrease of formaldehyde production with incubation time (Fig. 1, B) . Such being the case, a study on the time course of the enzyme reaction was deemed important before the determination of drug-metabolizing activities in hepatic microsomes.
The in vitro assay of drug-metabolizing enzyme activity is usually carried out by in cubating the liver microsomal fraction or postmitochondrial supernatant together with a substrate and cofactors, and the incubation system must be at optimal condition for the microsomal aminopyrine N-demethylase system ( Figs. 1 and 2 ). Using the estimated assay procedure, we determined hepatic aminopyrine N-demethylase activity, which was quite similar to that of other type I substrates (Table 1 and Fig. 3 ). The wide variation of aminopyrine N-demethylase activity reported by various investigators suggested that unsuit able assay conditions such as the special reaction mixture containing high concentrations of semicarbazide or long time incubation had been used.
Under some physiological and toxicological states of animals, proliferation of mito chondria or endoplasmic reticulum in hepatocytes has been observed by electron microscopy (41, 42) . However, accurate detection of the activity changes of the whole liver is difficult by the generally employed assay procedure using microsomes or postmitochondrial super natant as the enzyme source, due to low recovery of these subcellular fractions during homo genization or centrifugation (43) . We could obtain almost the same molecular activity in both microsomes and homogenates using the assay procedure described in Methods (Tables   1 and 2 ), which indicated that the procedure is applicable to the assay of drug-metabolizing activity at the homogenate level. Therefore, our method should be useful for clarifying the relationship between the microsomal monooxygenase system and physiological or toxicological alterations in liver. Further studies in this line will be reported elsewhere.
